A novel self-curing paste, which is composed of calcium phosphates powder and acetyl cellulose dissolved in ethyl lactate, has been developed as a bone-repairing material that does not need any mixing operation before its use and sets in the body. This paper focused on investigations of the mechanical properties and bioactivity of the paste after exposure to physiological solutions. Compressive strength of the set paste increased with increment of the polymer concentration and of calcium phosphates powder/polymer solution (P/L) ratio, and strain at the yield point increased with increasing the polymer concentration and with decreasing P/L. The mechanical properties of the set paste including calcium phosphates and acetyl cellulose were analogous to those of human cancellous bone. The paste was able to form bone-like hydroxyapatite on its surface in a simulated body fluid (SBF). This indicates that the paste has a potential to show bone-bonding ability, i.e. bioactivity. From these results, this paste can achieve both the mechanical properties corresponding to human cancellous bone and show bioactivity as well as easy handling.
INTRODUCTION
Bioactive self-curing pastes are attractive materials since they can be injected into a bony defect and achieve a complete packing of the bony defect even where its shape is complex. Many studies are reported on bioactive self-curing pastes that can be easily shaped and set in a living body after the implantation. A paste consisting of powder mixture of dicalcium phosphate anhydrous (DCPA) and tetracalcium phosphate (TTCP), and water is a typical example of bioactive self-curing fillers for bone-repairing.1-4 This paste sets through a reaction of the conversion of DCPA and TTCP into hydroxyapatite. Such a type of calcium phosphate paste is widely used in clinical applications.5-6 There still remain difficulties on the use of the conventional calcium phosphate paste that a powder component has to be mixed with a liquid component homogeneously within a short period in order to achieve high performances including easy handling and high mechanical strength. Therefore, a novel bioactive paste that does not require the mixing procedure during operations is desired. In the present study, we propose a novel bioactive paste by mixing DCPA and TTCP with acetyl cellulose dissolved in ethyl lactate. When this bioactive paste is exposed to body fluid, ethyl lactate in the paste is gradually replaced by water and acetyl cellulose 
Evaluation of structure of set pastes
The structures of the set pastes after soaking in TRS were analyzed by powder XRD (MXP3V, MAC Science Co., Ltd., Japan) after grinding with a mortar. The surfaces and cross-sections of the set pastes after soaking in TRS or SBF were observed by scanning electron microscopy (SEM; S-3500N, Hitachi, Ltd., Japan).
RESULTS

Mechanical properties of set pastes
The specimen CP2CAO was difficult to be packed in a silicone tube due to its high mobility, and its assessment was impossible. Figure 1 shows representative stress-strain curves of the set paste CP2CAy after soaking in TRS for 7 days. The shape of each of the curves looks similar but the compressive strength and strain at the yield point increased with increasing the polymer concentration. These three pastes with different polymer concentrations showed almost the same Young's modulus. Figure 2 shows representative stress-strain curves of the set paste CPxCA50 after soaking in TRS for 7 days. The compressive strength and Young's modulus increased with increasing P/L ratio, and the strain at the yield point decreased with increasing P/L ratio. The data of their mechanical properties, in comparison with human cancellous bone, are summarized in Table 1 . These results indicate compressive strength and strain at the yield point were determined depending on both polymer concentration and P/L ratio, but Young's modulus on P/L ratio only. Figure 3 shows SEM images of the surfaces of the pastes after soaking in TRS for 7 days. Particles with their sizes between 10 and 20 gm were observed to aggregate for every specimen, except for CPOCA50 whose surface looks completely smooth. The grain boundaries on the surface look more distinct with increasing the polymer concentration or P/L in the paste. Figure 4 shows SEM images of the cross-section of CP2CA50 after soaking in TRS for 7 days. The grain boundaries look much clearer than those on the surface. From the image with higher magnification for the cross-section, needle-like depositions were observed on the grains in some parts. Figure 5 shows SEM images of the surfaces of CP2CAy and CPxCA50 after soaking in SBF for 7 days. Plate-like particles were observed to cover all areas on the surfaces for every specimen, except for CPOCA50. On the surface of CPOCA50, no precipitate was observed. Morphology of the and CP1CA50 after soaking in TRS for 7 days reached to those of human cancellous bone, and strain at the yield point was larger than that of human cancellous bone.14 After the soaking in SBF, the specimens with both calcium phosphates powder and acetyl cellulose deposited bone-like apatite on their surfaces, suggesting they have a potential to show bone-bonding ability, i.e. bioactivity.
Structure of set pastes
The hydroxyapatite, which was formed on their surfaces by the reaction of DCPA and TTCP, was suggested to grow by consuming calcium and phosphate ions in SBF, on the basis of similar mechanism reported previously.8
CONCLUSION
The paste consisting of calcium phosphates powder and acetyl cellulose dissolved in ethyl lactate set in a physiological solution.
The paste fabricated in this study is expected as a promising material showing mechanical properties analogous to those of human cancellous bone and having a potential to show Fig. 6 Powder XRD patterns of CP2CAy (y=10, 30 and 50) after soaking in TRS for 7 days. CP powder indicates powder mixture of DCPA and TTCP without exposure to TRS.
